). Tkv appeared to be sax resulted in a significant reduction of neuromuscular junction size (Table 1) The NMJ phenotype of Med, Mad, tkv, and sax mutants is similar to wit and gbb mutants, so we tested whether specific antibody (Tanimoto et al., 2000) . We found that P-Mad does not accumulate in the nuclei of motoneuthese mutants had similar aberrations in neurotransmitter release and synaptic ultrastructure. We examined rons in either sax or tkv mutants ( Figures 3B and 3C) . The requirement for Tkv and Sax in addition to Wit for spontaneous and evoked release in Med, Mad, tkv, and sax mutants and wild-type controls by intracellular reaccumulation of P-Mad in motoneuron nuclei supports the hypothesis they signal together. In contrast, mutants cordings from muscle 6 of segment A3. Evoked excitatory junctional potentials (EJP) of Med, Mad, tkv, and of the type I Activin receptor babo do not affect the accumulation of P-Mad in motoneurons ( Figure 3D ).
sax mutants all showed a decrease in amplitude when compared to wild-type ( Figure 4A) . The most severe We tested the ability of Sax and Tkv to rescue the synaptic defects and lethality of wit mutants. We conreduction in EJP was found in Med and sax mutants, while tkv and Mad mutants showed a less severe reducstructed a pair of chimeric receptors: one with the extracellular domain of Wit fused to the intracellular domain tion. We also examined the amplitude of spontaneous miniature excitatory junctional (mEJP) potentials in of Tkv (Wit::Tkv) and the other with the extracellular domain of Tkv fused to the intracellular domain of Wit these mutants. We found that Med mutants showed a small but statistically significant reduction in mEJP (Tkv::Wit). Ubiquitous expression of these pairs of constructs in wit mutants fully rescued both viability and amplitude when compared to wild-type ( Figure 4B ). The frequency of spontaneous release in these mutants was neuromuscular junction size ( Figure 3E third instar larva by electron microscopy. Gross synapsimilar to the defects we observed in wit and gbb mutants (Table 2) , but Med, Mad, tkv, and sax are widely expressed in zones in these mutants, with intermittent ruffling or invagination of the presynaptic membrane at sites within many tissues during development, including in both the CNS and muscle (data not shown). To dissect the role the active zone ( Figures 4J and 4K) . We quantified the synaptic bouton characteristics of Med, Mad, tkv, and of these proteins in neuromuscular junction growth from requirements in the development of other tissues, we sax mutants and compared them to the characteristics of wild-type boutons ( Figure 5B ). Only rescue in the nervous system restored the number of NMJ synaptic boutons to wildsion of deubiquitinating enzymes truly phenocopies the overgrowth observed in hiw mutants, one would expect type levels (e.g., Med mutants in Figure 5C ). Interestingly, presynaptic rescue of these mutants also rescued this phenotype to be suppressed by disruption of BMP signaling. We tested this hypothesis by the pan-neumuscle size to some extent, perhaps indicating the requirement of a presynaptic BMP signal for an anteroronal overexpression of a transgenic yeast deubiquitinating enzyme UBP2 in wild-type, wit, and Med mutant grade signal required for muscle growth. It is unlikely that this anterograde effect could be due simply to restolarvae ( Figure 6) Figure 6C ). When the number of synaptic activation of BMP signaling with either of these constructs did not result in a significant increase in the boutons was corrected for differences in muscle size, we found no statistically significant difference between number of NMJ synaptic boutons ( Figure 7A ), though we did occasionally see some alterations in synaptic Med mutants and hiw;Med double mutants ( Figure 6E ). These results demonstrate that the excessive synaptic structure. Figure 6D ). This indicated that synaptic overgrowth in motoneurons using OK6-GAL4. This resulted in a dramatic reduction in NMJ size (data not shown), as would hiw mutants requires not only Med but also intact presynaptic BMP signaling. We did note that while the numbe predicted by Dad's inhibiting BMP signaling; however, this experiment is not informative about Dad's ber of synaptic boutons was lower in double mutants of hiw;Med and hiw;wit when compared to wild-type, in normal role, if any, in BMP signaling in motoneurons. We therefore examined the larval neuromuscular juncsome cases the synaptic span in these double mutants was still slightly larger than that in wild-type ( Figure 6D the inhibition of BMP signaling in hiw mutants. Also, the excessive degree of synaptic branching and arboriza-
